H istorically, the commercial striped mullet (Mugil cephalus) fishery has been the backbone of Florida's commercial fishery. With the passage in 1995 of the constitutional amendment eliminating all entangling nets in Florida's waters, cast and seine nets (limited to less than 500 square feet in size) have replaced the traditional gill net fishery. These gears are fished in a variety of habitats throughout Florida's estuaries. Fishes collected as bycatch may be associated with the target species or may simply be collected on a random basis (Hall 1996) . Information on the spatial and temporal distributions of bycatch with M. cephalus is necessary for the development of management regulation.
Florida's Department of Environmental Protection (FDEP) Fisheries-Independent Monitoring program conducts intensive sampling for striped mullet each fall and winter to obtain information used in making stock assessments. This survey is conducted in the two largest estuaries on Florida's Gulf coast, Tampa Bay and Charlotte Harbor. Monitoring M. cephalus populations in these two estuaries is important because of the historically intense commercia! fishing pressure on mullet in these areas; more than 60% of the commercial landings of M. cephalus in Florida were made in Tampa Bay and Charlotte Harbor (Mahmoudi 1997) . In addition to providing fisheries-independent data to monitor annual fluctuations in the M. cephalus population, the survey also provides a unique long-term database on species collected incidental to the target species. Bycatch was defined as all species captured other than M. cephalus.
The objectives of this study were to examine the variation in the composition of bycatch species from a directed M. cephalus survey from 1993 through 1996 between habitat types, between months (within-season-variation) , and between years (between-season variation).
METHODS
This survey was conducted each fall and winter from 1993 to 1996 from two estuaries on the central west coast of Florida in Tampa Bay and Charlotte Harbor (Fig. 1) . Each estuary was divided into sampling zones to distribute sampling effort throughout the estuary. Tampa Bay was divided 16 GULF OF MEXICO SCIENCE, 1998, VOL. 16(1) into six sampling zones, two of which contained riverine habitat (Little Manatee and Manatee Rivers; Fig. 1 ). Charlotte Harbor was initially divided into five sampling zones, but the Caloosahatchee River (sampling zone C) was dropped after 1994 (Fig. 1) . Collection periods were defined from the middle of one month to the middle of the next (e.g., mid-Sep. through mid-Oct.) to encompass the prespawning migration of M. cephalus from the estuaries to offshore waters during the fall and winter months in Tampa Bay (mid-Sep. through mid-Feb.) and Charlotte Harbor (mid-Oct. through mid-Feb.).
Fish were captured in experimental 366-mlong monofilament trammel nets (308-mm stretch outer mesh, 71-mm stretch inner mesh). Samplers searched shallow ( <2 m deep) nearshore areas for aggregations of M. cephalus. All fishes collected were identified to species and counted. For each sample, we recorded habitat variables such as bottom type (mud or sand) and bottom vegetation (presence or absence of the seagrasses Halodule wrighti and Thalassia testudinum) and physical variables such as water temperature and tidal phase.
Margalef's index (d) for species richness, Shannon species diversity index (H'), and Pielou's evenness index (]') were used to evaluate the diversity of the bycatch species composition (Dahlberg and Odum, 1970) . These were calculated for samples in each survey year inclusive of all species collected (rare and common) by using the DIVERSE algorithm in the PRIMER (Plymouth Routines in Multivariate Ecological Research, version 4.0) software using log 10 -transformed data. Kendall's tau correlation was used to evaluate changes in the three indices between collection periods within each survey year (Sokal and Rohlf, 1981) . A Kruskal-Wallis test was used to compare the three indices between survey years.
Similarities among samples for each estuary and survey year were described by hierarchical agglomerative cluster analysis using group-average fusion of Bray-Curtis similarity indices (PRIMER's CLUSTER algorithm). To exclude single or rare occurrences, only species that represented >0.5% of the total catch from each collection period were included in the analyses. More samples were collected in Tampa Bay than PRIMER could analyze; therefore, the data set was reduced by averaging samples that were collected on the same day, sampling zone, bottom vegetation, bottom type, and tidal period. Similar reduction was not necessary for Charlotte Harbor, and individual samples were used in the analysis. To reduce emphasis on dominant species, abundance data were log 10 (x + 1) transformed.
Analysis of similarity (ANOSIM) was used to compare bycatch species compositions between collection periods, between sampling zones, between bottom vegetation (presence or absence of seagrass), between bottom types (sand or mud), and between tidal phases (flood, ebb, high slack, and low slack) for each estuary and survey year. Each of the categorical variables (collection period, sampling zone, bottom vegetation, bottom type, and tidal phase) were analyzed separately. ANOSIM is a nonparametric analysis of variance based on Bray-Curtis similarities (Clarke, 1993) . All comparisons were based on 5,000 permutations by randomly reordering the data to determine a global-R statistic (Clarke and Warwick, 1994 ). Significant differences between treatments within each categorical variable were determined from pairwise comparisons using AN-OSIM; pairwise comparisons were only conducted for treatments with three or more samples. It should be noted that pairwise comparisons do not acljust for multiple tests of the same hypothesis. ANOSIM was also used to compare species compositions between survey years within each estuary. Percentages of individual species contributions to the total average dissimilarity between treatment groups within a categorical variable for each survey year were determined by similarity percentages analysis (SIMPER; Clarke and Warwick, 1994) .
RESULTS
In Tampa Bay, the number of trammel net samples collected varied from 51 to 87 per year; these were reduced to 27-57 samples for analysis. In Charlotte Harbor, the number of samples was from 17 to 29 per year. Forty-three species were collected in samples from Tampa Bay, and 30 species were collected in Charlotte Harbor. Ten species accounted for 95% of all individuals collected from both estuaries (Tables 1 and 2). As expected, M. cephalus was the most abundant species in all collection periods for both estuaries (16%-100%), because sampling effort was directed at this species (Tables  1 and 2 ). The most abundant bycatch species in Tampa Bay were Lagodon rhomboides (pinfish), Arius felis (hardhead catfish), Mugil curema (silver mullet), and Mugil gyrans (fan tailed mullet), which represented 0%-45% of the catch, depending on the collection period. Arius jelis, Archosmgus probatocephalus (sheepshead), and M. curema were the most abundant bycatch species in Charlotte Harbor, accounting for 0%-79% of the total catch in each survey year. Lagodon rhomboides were not as abundant in Charlotte Harbor as in Tampa Bay and accounted for only 0.4%-25% of the total bycatch in any of the four survey years. Camnx hippos ( crevalle jack), Centropomus undecimalis (common snook), Sciaenops ocellatus (red drum), Cynoscion nebulosus (spotted seatrout), and Elops saunts (ladyfish) composed the rna-TABLE 1. Partial listing of the bycatch species for each collection period in a particular survey year for Tampa Bay. The percentage of the total catch for each collection period is listed. Those species that occurred more than 0.5% in a collection period within a survey year were included in the analysis. Collection periods are labeled as follows: 1 = Sep./Oct., 2 = Oct./Nov., 3 = Nov./Dec., 4 = Dec./Jan., and 5 =Jan./Feb. 
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Species richness (d), species diversity (H'), and evenness (]') were generally greatest in the earliest collection periods (Sep.-Oct.) and decreased in subsequent periods (Fig. 2) . In Tampa Bay, species richness in 1993, 1994, and 1996, species diversity in 1993 and 1996 , and evenness in 1996 all decreased significantly (P < 0.05) from the early fall through the winter collection periods in Tampa Bay (Table 3) . In Charlotte Harbor, species diversity and evenness in 1994 decreased significantly (P< 0.05) from the fall through the winter collection periods (Table 3) . Species diversity and evenness increased during the 1996 Jan./Feb. collection period in Charlotte Harbor, because M. cephalus did not dominate the catch in that collec- (Kruskal-Wallis, df = 3, P < 0.001) but not in Charlotte Harbor (Kruskal-Wallis, df = 3, P > 0.05). Both estuarine systems had the lowest values for all three indices in 1996 (Fig. 2) . Bycatch species composition was generally not significantly different between collection periods, between bottom types, or between tidal phases in Tampa Bay or Charlotte Harbor (Table 3) . However, in 1995, bycatch species composition did differ significantly between collection periods in Tampa Bay (R = 0.204, P = 1.4%) ( (Table 3) . Individual species contributions indicated that M. cephalus (72.0%), A. felis (11.2%), Diaptents plumeri (striped mojarra) (9.9%), C. undecimalis (3.0%), and A. probatocephalus (1.5%) were collected over mud bottoms, whereas only M. cephalus (95.4%) and A. probatocephalus (2.6%) were typically collected over sand bottoms.
Bycatch species compositions were significantly different between sampling zones within each survey year in Tampa Bay except 1996 (Table 3) . Bycatch species compositions of riverine sampling zones were different from those of estuarine sampling zones (3 vs L, 3 vs M, 5 vs L, 5 vs M, 6 vs L, and 6 vs Min 1993; 3 and 5 vs Min 1994; and 2, 3, and 5 vs Min 1995; See Figure 1 for locations of numbered and lettered zones). Bycatch species compositions also differed between some sampling zones within the open bay of the estuary (zones 3 vs 5 in 1993 and 1994 and zones 1 vs 3, 1 vs 6, and 2 vs 5 in 1995). Although many of the same species were collected in most or all of the sampling zones, only a few species were responsible for the discrimination of the sampling zones. Arius felis, A. probatocephalus, and L. rhomboides contributed the most to differences in bycatch species composition between sampling zones. Riverine sampling zones were distinguished from estuarine samples by higher abundances of A. felis, D. plumieri, and Pogonias cromis (black drum) and lower abundances of A. probatocephalus and L. rhomboides (Table 4) . Within the open bay of the estuary, differences in bycatch species composition between sampling zones were generally attributed to differences in abundances of A. probatocephalus, L. rhomboides, A. felis, and Mugil species in the different sampling zones (Table 4) . In Charlotte Harbor, bycatch species compositions were significantly different between sampling zones only for the 1993 survey year (Table 3). As in Tampa Bay, several species characterized many sampling zones, and bycatch species composition in the riverine sampling zone (C) differed from that in the estuarine zone (Table 4 ). The riverine sampling zone (C) had higher abundances of A. felis and lower abundances of D. plumieli, A. probatocephalus, and L. rhomboides than did the estuarine sampling zone (3) ( Table 4) . Bycatch species composition was significantly different between the presence or absence of bottom vegetation in every survey year in both estuaries except 1996 in Tampa Bay and 1994 and 1996 in Charlotte Harbor (Table 3) . Arius felis and L. 1'1wmboides were primarily responsible for the dissimilarity between bottom vegetations. In Tampa Bay, bycatch species composition was distinguished by higher ahemdances of L. rhomboides and A. probatocephalus in seagrass bottom vegetations and higher abundances of A. felis in non-seagrass bottom vegetation (Table 5) . In Charlotte Harbor, similar bycatch species compositions characterized bottom types with and without seagrass, as they did in Tampa Bay, although the contributions of L. rhomboides were smaller in Charlotte Harbor than in Tampa Bay for the 1993 survey year (Table 5) . Differences in bycatch species composition in both 1993 and 1995 between bottom vegetation types was due to higher abundances of A. felis in nonvegetated habitats (1993) and higher abundances of D. plumieri (1993) and L. 1'1wmboides (1995) in grass habitats (Table 5 ). The unusually high abundance of A. felis in the bycatch of samples collected over grass in 1995 was heavily influenced by a single large catch of A. felis in a grass habitat.
Bycatch species compositions were significantly different between survey years in both estuaries (ANOSIM, Tampa Bay: R = 0.166, P < 0.0%; Charlotte Harbor: R = 0.085, P < 0.9%). In Tampa Bay, species compositions in 1993, 1994, and 1995 were significantly different from species compositions in 1996 (Table  3) . Bycatch species compositions in 1996 were distinguished by much larger catches of M. cephalus and lower catches of L. rhomboides and A. felis than in previous years (Table 6 ). In Charlotte Harbor, the bycatch species composition in 1993 was significantly different from those in 1995 and 1996, and the bycatch species composition in 1995 was significantly different from that in 1996 (Table 3 ). The significant difference between bycatch species composition in 1993 and 1995 was attributed to the single large catch of A. felis in 1995. As in Tampa Bay, M. cephalus were more abundant in 1996 samples, and A. felis were less common. Also, M. curema and C. nebulosus occurred more frequently as bycatch catch than in previous years (Table 6 ). Species compositions did not statistically differ between collection periods, indicating that bycatch species compositions did not change within survey years (i.e., the same bycatch species were caught from early fall through winter). However, indices of species richness, species diversity, and evenness declined within each year from the fall through the winter collection periods as a result of increased dominance of M. cephalus and reduced occurrences of bycatch species as the sampling season progressed. With the onset of winter and increasing occurrences of climatic cold fronts, M. cephalus congregate in prespawning migratory schools that are easy to detect and encircle with a trammel net, thus increasing their susceptibility to the sampling gear. In addition, many of the other species commonly collected in early fall tend to migrate out of shallow water to deeper, wanner waters because of seasonally cooling water temperatures or winter spawning activity (Springer and Woodburn, 1960; Wang and Raney, 1971; Fraser, 1997; Pattillo et al. 1997) , thus potentially reducing their susceptibility to the gear as the sampling season progresses.
Differences between habitats in the open bay and riverine sampling zones resulted in dif- (Table 5) . There were no differences in bycatch species 1994 1995 1993 1995 the fourth quarter (Oct., Nov., and Dec.) compared with the previous three quarters (24, 27, and 31 species for quarters 1, 2 and 3, respectively). Motta (1993) indicated that this was partially attributable to a change in management regulations in the fourth quarter and selective fishing for M. cephalus. The large numbers of Brevoortia spp. and C. hippos reported in Motta (1993) compared with those reported in Hueter (1994) or this study are clue to a small number of sampled sets (n = 3) when the these fish were targeted instead of M. cephalus. The gear characteristics in the striped mullet fishery changed with the 1995 net ban referendum. Cast and seine nets (69-mm stretch mesh) have replaced the traditional largemesh gill nets. There is no information concerning the bycatch species compositions of cast and seine nets used in the existing fishery; however, the mesh sizes of the gear used in the existing fishery are similar to that of the experimental trammel net used in this study. Comparison of Motta's (1993) and Rueter's (1994) reported percentages and numbers of bycatch species caught in the traditional gill net fishery with those of species caught in our experimental trammel net gear shows differences in bycatch species compositions; thus, the selectivity patterns of bycatch species composition may have altered. (Tables 1, 2, and 7) In conclusion, bycatch collected in the an-nual M. cephalus survey on Florida's west coast was sporadic and tended to decline in abundance from the fall through the winter collection periods. Species richness, species diversity, and evenness did not significantly decline with collection period; however, all three indices decreased from the fall through the winter, indicating a slight reduction in the abundance of bycatch species. Bycatch species composition differed between samples collected in the open bay and samples from riverine habitats and depending on the presence or absence of seagrass at sample sites. 
